Insulin promotes dendritic spine and synapse formation by the PI3K/Akt/mTOR and Rac1 signaling pathways.
Insulin and its receptor are broadly expressed throughout the brain and have been postulated to play a crucial role in synaptic plasticity. Although structural remodeling of dendritic spines is associated with stable expression of synaptic plasticity, the role of insulin receptor (IR) signaling in the establishment and dynamic changes of dendritic spines remains unclear. Here we report that insulin promotes dendritic spine formation in primary cultures of rat hippocampal neurons. Conversely, downregulation of IR signaling using a blocking antibody or short hairpin RNAs (shRNAs) resulted in a decrease in number of dendritic spines and caused a significant reduction in the frequency of miniature excitatory postsynaptic currents (mEPSCs) without affecting the distribution of their amplitudes. Pharmacological blockade of phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) signaling pathway and the small GTPase Rac1 specifically prevented the insulin-induced increase in dendritic spine density. In parallel, genetic ablation of Rac1 expression by lentiviral infection with shRNA abrogated the increase in dendritic spines induced by insulin. More importantly, the increase in dendritic spine density by insulin was accompanied by increasing in presynaptic marker staining density and displayed an increase in mEPSC frequency. Taken together, these results reveal a novel role for IR signaling in the regulation of dendritic spine formation and excitatory synapse development in hippocampal neurons through activation of the PI3K/Akt/mTOR and Rac1 signaling pathways.